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经 MALDI-TOF-MS 检测及肽指纹图谱(PMF)分析, 45 个蛋白点在有关数据库中





































































Pine wilt disease is one of the most important pine tree diseases, and its causal 
agent is Bursaphelenchus xylophilus, which is a great threat to the pine forestry in 
many countries such as China Japan, Korea, the US, Canada, Mexico, and Nigeria, etc. 
It is one of the most important quarantine organisms, and also listed on A2 in China, 
which lead to imponderable loss every year. However, it is difficult to differentiate 
isolates of B. xylophilus from the closely related species Bursaphelenchus mucronatus, 
which is not pathogenic to pine trees, especially the juveniles. It makes the quarantine 
and prevention very difficult to carry on. Presently, technologies of detecting B. 
xylophilus are merely limited in traditional morphological, serology and PCR 
molecular identification. Research in mechanism of pathology is just limited in tissue 
pathology. However, few researches in differential proteomics have been reported. 
Therefore, it is of great significantly to investigate exact identification and 
pathological mechanism of B. xylophilus by utilizing method of differential 
proteomics. 
In this study, we extracted the total proteins of the two nematodes, and applied 
two-dimensional electrophoresis and mass spectrometry to study the proteomics of the 
two nematodes. Through analyzing differential proteomics of the two nematodes, we 
found an approach to identify the two nematodes exactly. Furthermore, an advanced 
research of this will uncover the pathological mechanism of B. xylophilus. 
In equal conditions, we extracted the total proteins of the two nematodes, and 
applied two-dimensional electrophoresis to analyze the differences between the two 
nematodes. As a result, we have obtained 50 differentiate proteins,25 of which were 
from B. xylophilus and others were from B. mucronatus.45 proteins were determined 
by matrix-assisted laser desorption/ ionization-time of flight mass spectrometry 
(MALDI-TOF-MS),and identified protein database matching (PMF),22 of which were 
from B. xylophilus and others were from B. mucronatus. Further analysis of these 45 
proteins showed them involved in differentiate metabolism pathway and signal 















protein synthesis associated proteins. It is supposed that these different proteins 
participate in different metabolism pathways and signal transduction pathways, and 
these discriminations are related to B. xylophilus’ capability to infect while B. 
mucronatus’ low capability to infect. Most of these different proteins are protein 
enzymes, which provide evidences to “the theory of enzyme” which consider that it is 
enzymes from B. xylophilus cause atrophy of cell wall and cell membrane from 
parenchyma cells. 
It is shown that, there are something different in metabolism pathways of 
carbohydrate and signal transductions pathways between the two nematodes. This 
discovering support the point of view that B. xylophilus is the exclusive pathogeny of 
pine wilt disease, and “the theory of enzyme”. 
Identifying the differentiate proteins between the two nematodes will enable us to 
identify the two nematodes rapidly and accurately. Integrating the differentiate 
proteins and other data between the two nematodes will assist us to reveal the 
virulence of B. xylophilus and search for proteins and genes which is related to pine 
wilt disease. 






































































害面积已近 1 3 万亩，损失 2 5 0 亿元，并且己经直接威胁到全国 5 亿多亩松林
和危及到黄山、张家界等著名风景名胜区、世界自然文化遗产和重点生态区域的








松材线虫 Bursaphelenchus xylophilus 属于线性动物门(Nemathelminthes)，线
虫纲(Nematoda)，垫刃目(Tylenchida)，滑刃科(Aphelenchoididae)，滑刃线虫属
(Bursaphelenchus)。松材线虫 早由美国学者 Steiner 和 Buhrer 于 1934 年在美国
路易斯安娜州一个工厂的兰变的长叶松(Pinus palustins)圆木中分离到的，命名为
Aphelenchoides xylophilus。当时并不知此虫与松树死亡有关。1970 年 Nickle 将
其放在伞滑刃属中(Bursaphelenchus Fucsh)。1972 年 Mamiya 等人证实线虫是引
起松树萎蔫病的病原，并定名为 Bursaphelenchus ligincolus [8]。1981 年经 Nickle
等人鉴定，确认 B. ligincolus 是 B.xylophilus 的同义命。因此，松材线虫的学名




























1500 条， 高达 230000 条。在松褐天牛 4 龄幼虫越冬和化蛹期间(冬季至春季)，
松材线虫 LⅢ不断向天牛蛹室集中；在春末，集中于天牛蛹室内的松材线虫 LⅢ蜕






1979 年 Mamiya 等人从枯死松树上发现了另一种致病性较弱的线虫——拟松材















































抽出物的含量有所不同，而且 pH 值也不相同[14]。王玉燕等根据病健木 pH 值的
不同，用指示剂区分病健木，接着研究了用有机溶剂提取液进行颜色反应以及几









































    血清学技术现已成为细菌、病毒、植原体等的主要检测手段，在植物病害诊
断上具有十分重要的价值。利用血清学技术和方法进行种类鉴定，其所需蛋白量
少，测定结果也不会受到线虫的生理状态如卵的滞育的影响，而且能在短时间内




























自 20 世纪 80 年代末到 90 年代初国外较多学者开始将分子生物学技术引入
松材线虫的检测研究中。Bolla 等[25]首先从两个致病型的松材线虫和一个拟松材
线虫中提取 DNA 进行杂交，结果显示了 DNA 的种间和种内差异。Tares S 等[26]
和 Abad 等[27]用同源和异源 DNA 探针检测松材线虫和拟松材线虫，所用同源和
异源 DNA 探针不仅能清楚地区分松材线虫和拟松材线虫，而且还能对来源于不
同地理种源地株系加以区别。1993 年 Harmey 等人[28]从松材线虫基因库中得到
一个 1190bp 的 DNA 片段，用该片段作为探针能在种级水平区分 Bursaphelenchus 
spp.。 Tares S 等人[29]1994 年从日本的松材线虫中分离出了具有种特异性的卫星
DNA 做诊断探针，该探针能对单个线虫破碎后直接进行测定，并能快速准确地




材线虫和拟松材线虫的 RAPD 分析结果显示，引物 P253 可在松材线虫和拟松材
线虫中产生具有种鉴定特异性片段。ITS (Internal transcribed spacer)-PCR-RFLP
分析技术是近年来发展起来的可靠性更高的一种可在种级水平上区分物种的简
便快速的方法。 Iwahori[33]等利用该技术用于松材线虫和拟松材线虫的比较鉴
定，通过对松材线虫和拟松材线虫含有 ITS 1 5.8 srDNA 和 ITS2 区域的核糖体基
因片段的扩增，获得了 872bp 的片段，再用 Hinf I 酶解，根据酶解片段的差异，
可区分这两种线虫。贺水山[34]等根据松材线虫 rDNA 基因部分序列，通过单个
碱基的故意错配，设计了一对特异引物，运用 PCR 方法， 终扩增出一条 301bp
的特异性带，实现了单条线虫的检测。许建平[35]等人也用 PCR 方法设计了一对
特异性引物，这对引物能很好地区分松材线虫和拟松材线虫。张路平等[36]对松





















的株系。陆伟[37]等利用 PCR-RFLP 和 DNA 测序技术分析了松材线虫和拟松材线
虫中的 ITS 区。通过对松材线虫和拟松材线虫 ITS 1 5.8 s rDNA 和 ITS2 区域的
核糖体基因片段的扩增，获得了 900bp 的片段，再用 5 种限制性酶切进行分析，
根据酶切片段的差异，可区分这两种线虫。许多学者[6,38, 39, 40, 41,42]在这方面进行
过相关研究。用曹爱新[2] 用实时荧光 PCR 技术对松材线虫进行了检测。许多学
者[6,38, 39, 40, 41,42]在这方面进行过相关研究。 
1.3 蛋白质组学及其相关技术  
1.3.1 开展蛋白组学研究意义 
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